Introduction {#Sec1}
============

In the USA, up to 10% of women of reproductive age, 50% of women with infertility, and 70--90% of women with pelvic pain have endometriosis, characterized by the presence of uterine lining (endometrium) outside the uterus \[[@CR1], [@CR2]\]. The exact prevalence of the disease is unclear, since endometriosis can be asymptomatic and is likely underdiagnosed \[[@CR3], [@CR4]\]. The most common symptom of endometriosis is abdominal/pelvic pain; other symptoms include but are not limited to abnormal bleeding, digestive issues, fatigue, and infertility \[[@CR3], [@CR5]\]. A multi-country costs-of-illness study reported that the economic burden associated with endometriosis is significant and comparable to that of diabetes, Crohn's disease, or rheumatoid arthritis \[[@CR6]\]. In the USA, the direct costs of endometriosis per patient, per year have been estimated at \$12,118 \[[@CR7]\] with hospitalizations reported to be the largest driver of these costs \[[@CR8]\].

In the absence of a cure, endometriosis treatments aim to manage symptoms, especially pain and infertility, and include drug therapies (analgesic and hormone) and surgery \[[@CR1], [@CR2]\]. While drug therapies have been shown to reduce pain \[[@CR9], [@CR10]\], surgery is currently the only treatment option shown to improve fertility rates \[[@CR11]\], and it also may be used to treat pain that is unresponsive to pharmacologic agents alone \[[@CR12], [@CR13]\]. Laparoscopy is the most conservative surgical approach, and in mild to moderate disease it is the type of surgery most often used \[[@CR14]\] to remove endometriosis-related lesions and to relieve pain \[[@CR9], [@CR15]\]. Alternatively, in certain severe cases, endometriosis may be treated through the complete or partial removal of the uterus (hysterectomy), possibly in combination with the removal of one or both ovaries (oophorectomy) and the fallopian tubes (salpingectomy) \[[@CR7], [@CR12]\]. In general, however, treatment for endometriosis-related pain has been challenging for medical practitioners and often delayed and suboptimal for patients \[[@CR1]--[@CR3]\]. Laparoscopy has been associated with a substantial rate of disease recurrence (30--50%) within 5 years \[[@CR16], [@CR17]\] and a repeat surgery rate as high as 55% within 7 years \[[@CR18]\]. Previous evidence of hysterectomy outcomes has been inconsistent, leaving physicians and patients to wonder, for instance, whether it is best to preserve the ovaries during the hysterectomy, as some have argued \[[@CR13], [@CR19]\], or to remove both ovaries along with the uterus \[[@CR16], [@CR18]\]. As a result, the American Society for Reproductive Medicine has argued that there is a need for further research examining the benefits and costs of the current endometriosis treatment strategies \[[@CR1]\].

To this end, the present study retrospectively observed the therapeutic patterns and outcomes of women with endometriosis who received a laparoscopy or a hysterectomy, as reported in a large national US insurance claims database. Extending for a 12-month period after the index surgery, this descriptive analysis compared postoperative treatments, complications, hospitalization rates, and hospital length of stay (LOS) experienced by the two cohorts of patients.

Methods {#Sec2}
=======

Data for this descriptive, naturalistic cohort study were obtained from the Truven Health Analytics Marketscan Commercial Claims and Encounters (CCAE) database. The CCAE database contains retrospective claims information on patient demographics, enrollment, inpatient, outpatient, and prescription drug use from a geographically diverse population living across the USA. The data used in this study spanned the time period from January 1, 2004 through December 31, 2013 and complied fully with the Health Insurance Portability and Accountability Act (HIPAA). The article does not contain any new studies with human or animal subjects performed by any of the authors.

Data for this analysis was used to estimate retreatment rates of patients who underwent a laparoscopy or hysterectomy, with a focus on surgical rates \[[@CR20]\]. Consistent with the prior research, to be included in this study women aged 18--49 years had to have received a diagnosis of endometriosis (International Classification of Diseases Ninth Revision \[ICD-9\] code of 617.xx) between 2004 and 2013 and to have undergone at least one endometriosis-related laparoscopy or hysterectomy on or after the earliest diagnosis date for endometriosis, with such a procedure date identified as the index date. Endometriosis-related laparoscopies and hysterectomies were defined as the receipt of a procedure code for a laparoscopy or a hysterectomy with an accompanying diagnosis of endometriosis. Finally, patients were also required to have continuous insurance coverage from at least 1 year before through at least 1 year after the index date. Exclusion criteria included the receipt of a diagnosis of uterine fibroids (ICD-9 of 218.xx) before or on the index date or a hysterectomy before the index date. Figure [1](#Fig1){ref-type="fig"} illustrates how each of the inclusion and exclusion criteria affected the sample size.Fig. 1Inclusion--exclusion criteria and sample size. Patients with both a hysterectomy and a therapeutic laparoscopy on the index date were assigned to the hysterectomy cohort. There were 1956 patients with both procedures on the index date

Given the above inclusion and exclusion criteria, the 62,223 women included in the study were classified as hysterectomy (*N* = 24,915) or laparoscopy (*N* = 37,308) patients according to the initial surgical procedure, with individuals who received both such procedures (*N* = 1956) classified as hysterectomy patients. In addition to examining baseline characteristics, the study compared the 1-year post-index outcomes of the laparoscopy and hysterectomy cohorts. Specifically, the analyses examined all of the treatments, complications, and hospitalizations that occurred during the first year after the index surgery. The observed treatments included combined oral contraceptives and nonsteroidal anti-inflammatory drugs (NSAIDSs), opioid and non-opioid analgesics, gonadotropin-releasing hormone (GnRH) agonists, progestins, and danazol, which is a synthetic steroid used in the management of endometriosis. The observed complications included venous thromboembolism, nephropathy, infection, menopausal symptoms, vascular repair, damage to blood vessels, and bleeding. Other complications examined were gastritis and duodenitis, genitourinary tract injuries, gastrointestinal tract injuries, nerve injuries, vaginal cuff dehiscence, and repairs to the bladder, ureter, or bowel. Endometriosis-related surgeries performed after the initial procedure were also examined and included hysterectomy, therapeutic laparoscopy, oophorectomy, laparotomy, and fallopian tube removal (salpingectomy). The investigation also included a comparison of hospitalization rates associated with index surgery or during the 1 year post procedure (all-cause and endometriosis-related), and LOS based upon index procedure (hysterectomy or laparoscopy) and upon complication status. The all-cause and endometriosis-related hospitalization rates by 14 days, 1 and 3 months, respectively, were also described and compared between the two cohorts.

The analysis was primarily descriptive in nature, and descriptive statistics (mean and standard deviation for continuous variables, and frequency and percentages for categorical variables) were used to characterize the sample. Wilcoxon rank sum tests and Chi square tests were utilized to assess differences between the hysterectomy and laparoscopy cohorts. All analyses were conducted using SAS, version 9.3 (SAS Institute, Inc., Cary, NC). A *P* value less than 0.05 was considered to be statistically significant.

Results {#Sec3}
=======

The results revealed significant differences in the characteristics, treatments, and diagnoses of the two cohorts prior to their index surgeries (see Table [1](#Tab1){ref-type="table"}). For instance, hysterectomy patients were older than the laparoscopy cohort at baseline (mean of 41.4 years, SD = 5.2 years vs mean of 35.4 years, SD = 7.5 years; *P* \< 0.0001). In addition, there were regional differences between the two cohorts (*P* \< 0.0001), with hysterectomy patients, compared to laparoscopy patients, more likely to reside in the South (54.0% vs 48.2%) and less likely to reside in the Northeast (6.7% vs 9.9%). There were also statistically significant differences between the two cohorts with regards to insurance type (*P* \< 0.0001), with women who had a hysterectomy more likely to be insured via a preferred provider organization (65.2% vs 64.0%).Table 1Baseline characteristics for endometriosis patients who received hysterectomy or laparoscopyBaseline characteristic^a^Endometriosis patients\*With hysterectomy *N* = 24,915With laparoscopy *N* = 37,308**Age, mean (SD)**41.4 (5.2)35.4 (7.5)18--342921 (11.7%)16,340 (43.8%)35--4921,994 (88.3%)20,968 (56.2%)**Region,** *n* **(%)**Northeast1658 (6.7%)3680 (9.9%)North Central5873 (23.6%)9987 (26.8%)South13,458 (54.0%)17,977 (48.2%)West3554 (14.3%)5175 (13.9%)Unspecified372 (1.5%)489 (1.3%)**Insurance type,** *n* **(%)**Comprehensive305 (1.2%)637 (1.7%)Health maintenance organization (HMO)3430 (13.8%)5352 (14.3%)Non-capitated point-of-service2189 (8.8%)3411 (9.1%)Preferred provider organization (PPO)16,243 (65.2%)23,891 (64.0%)Other health plan2748 (11.0%)4017 (10.8%)**Year of index date,** *n* **(%)**2004--2005^b^1737 (7.0%)2866 (7.7%)20061638 (6.6%)2576 (6.9%)20071753 (7.0%)2712 (7.3%)20083253 (13.1%)4655 (12.5%)20093475 (13.9%)5004 (13.4%)20103567 (14.3%)5397 (14.5%)20114872 (19.6%)7387 (19.8%)20124620 (18.5%)6711 (18.0%)\* All differences between hysterectomy and laparoscopy cohorts were statistically significant on the basis of Wilcoxon rank-sum tests for continuous variables and Chi square tests for categorical variables (*P* \< 0.05)^a^Baseline characteristics were assessed on the index date^b^Included 3 patients with an index date on December 31, 2004

Table [2](#Tab2){ref-type="table"} reveals the medical treatments provided at 3, 6 months, and 1 year after the initial procedure. At all three time horizons, the women who received a laparoscopy were more likely than those who received a hysterectomy to be prescribed a combined oral contraceptive, a GnRH agonist, progestin, or danazol. In contrast, the women who underwent a hysterectomy were more likely to have been prescribed an NSAID. Women who underwent a hysterectomy were also more likely to have received a prescription for a combined oral contraceptive and NSAID at 3 or 6 months post index procedure but less likely to have received such a prescription at 1 year post index procedure. Table [2](#Tab2){ref-type="table"} also shows that the proportion of patients who were prescribed a medical treatment tended to grow over time. For example, the use of non-opioid analgesics approximately doubled from 6 to 12 months post procedure, while the use of GnRH agonists and progestin increased over 50% from 3 to 12 months post procedure.Table 2Treatment of endometriosis patients in the 1 year post hysterectomy or laparoscopyBy 3 months\*By 6 months\*By 12 months\*Endometriosis patients with hysterectomy *N* = 24,915Endometriosis patients with laparoscopy *N* = 37,308Endometriosis patients with hysterectomy *N* = 24,915Endometriosis patients with laparoscopy *N* = 37,308Endometriosis patients with hysterectomy *N* = 24,915Endometriosis patients with laparoscopy *N* = 37,308**Medical treatment,** ***n*** **(%)Combined oral contraceptives and NSAIDs**9047 (36.3%)10,052 (26.9%)10,110 (40.6%)13,325 (35.7%)11,741 (47.1%)18,088 (48.5%)Combined oral contraceptives142 (0.6%)5825 (15.6%)182 (0.7%)7353 (19.7%)259 (1.0%)9399 (25.2%)NSAIDs8977 (36.0%)5297 (14.2%)10,026 (40.2%)7857 (21.1%)11,636 (46.7%)12,258 (32.9%)**Analgesics---opioid** ^a^----4398 (17.7%)^NS^6785 (18.2%)^NS^8243 (33.1%)13,644 (36.6%)**Analgesics---non-opioid** ^a^----366 (1.5%)^NS^488 (1.3%)^NS^767 (3.1%)^NS^1096 (2.9%)^NS^**GnRH agonists**63 (0.3%)2800 (7.5%)82 (0.3%)3506 (9.4%)120 (0.5%)4333 (11.6%)Leuprolide61 (0.2%)2696 (7.2%)80 (0.3%)3386 (9.1%)116 (0.5%)4189 (11.2%)Other GnRHs2 (0.0%)108 (0.3%)2 (0.0%)128 (0.3%)4 (0.0%)158 (0.4%)**Progestin**416 (1.7%)4492 (12.0%)526 (2.1%)6302 (16.9%)739 (3.0%)8495 (22.8%)DMPA29 (0.1%)517 (1.4%)41 (0.2%)673 (1.8%)56 (0.2%)948 (2.5%)Other progestins389 (1.6%)4006 (10.7%)488 (2.0%)5691 (15.3%)687 (2.8%)7728 (20.7%)**Danazol**2 (0.0%)39 (0.1%)2 (0.0%)50 (0.1%)8 (0.0%)69 (0.2%)*NS* not statistically different between hysterectomy and laparoscopy cohorts,*DMPA* depot medroxyprogesterone acetate\* All differences between hysterectomy and laparoscopy cohorts statistically significant on the basis of Chi square tests unless otherwise noted by NS^a^Endometriosis-related analgesic use defined as any use received after 90 days of index surgery

Table [3](#Tab3){ref-type="table"} compares 1-year post-procedure complications between hysterectomy and laparoscopy patients. Results illustrate that nearly half (46.0%) of patients who underwent a hysterectomy and over one-third (36.4%) of patients who underwent a laparoscopy experienced at least one complication, with patients in both cohorts most commonly identified with medical/surgical complications, menopausal symptoms, gastritis and duodenitis, and vascular repair. Hysterectomy patients were significantly more likely to experience complications compared to the laparoscopy cohort. Specifically, the hysterectomy patients were more likely to be diagnosed with medical/surgical complications, venous thromboembolism, menopausal symptoms, nephropathy, infection, genitourinary tract infection, bleeding, vaginal cuff dehiscence, nerve injury, repair to ureter, repair to bowel, or other complications (accidental cuts, puncture, perforations, or hemorrhage during medical care and surgical procedures). In contrast, the laparoscopy patients were significantly more likely to be diagnosed with a repair to the bladder in the year after the index date. There was no statistically significant difference between the two cohorts with regards to post-index diagnoses of gastritis and duodenitis, vascular repair, damage to blood vessels, or injury to gastrointestinal tract.Table 3Complications and endometriosis-related surgeries among endometriosis patients in the 1 year post hysterectomy or laparoscopyComplications and endometriosis-related surgeriesEndometriosis patients^ϕ^With hysterectomy *N* = 24,915With laparoscopy *N* = 37,308**Complications** ^a^, ***n*** **(%)**11,457 (46.0)13,590 (36.4)**Medical/surgical complications**2590 (10.4)1786 (4.8)**Venous thromboembolism**206 (0.8)181 (0.5)Pulmonary embolus38 (0.2)21 (0.1)Thrombophlebitis181 (0.7)167 (0.4)**Menopausal symptoms**2624 (10.5)1199 (3.2)**Gastritis and duodenitis**848 (3.4)^NS^1310 (3.5)^NS^**Nephropathy**19 (0.1)12 (0.0)**Infection**8157 (32.7)10,931 (29.3)Wound infection^b^2834 (11.4)3986 (10.7)Urinary tract infection4850 (19.5)6289 (16.9)Abscess1134 (4.6)^NS^1608 (4.3)^NS^Pyelonephritis112 (0.4)29 (0.1)Cellulitis185 (0.7)131 (0.4)Sepsis108 (0.4)69 (0.2)Fever/pyrexia1336 (5.4)1545 (4.1)**Vascular repair**14 (0.1)^NS^13 (0.0)^NS^**Damage to blood vessels**1 (0.0)^NS^0 (0.0)^NS^**Genitourinary tract injury**617 (2.5)514 (1.4)Cystotomy2 (0.0)^NS^2 (0.0)^NS^Ureteral injury (transection)35 (0.1)21 (0.1)Vesicovaginal fistula65 (0.3)15 (0.0)Ureterovaginal fistula8 (0.0)0 (0.0)Urinary retention522 (2.1)475 (1.3)Bladder atony12 (0.0)^NS^9 (0.0)^NS^**Gastrointestinal tract injury**119 (0.5)117 (0.3)Injury to gastrointestinal tract36 (0.1)^NS^34 (0.1)^NS^Anastomotic dehiscence/anastomotic leak syndrome34 (0.1)28 (0.1)Rectovaginal fistula22 (0.1)14 (0.0)Rectal stenosis5 (0.0)^NS^13 (0.0)^NS^Rectal perforation31 (0.1)^NS^39 (0.1)^NS^**Bleeding**810 (3.3)394 (1.1)Blood transfusion49 (0.2)30 (0.1)Hematoma809 (3.2)392 (1.1)Vascular injury2 (0.0)^NS^2 (0.0)^NS^**Vaginal cuff dehiscence**229 (0.9)140 (0.4)**Nerve injury**173 (0.7)157 (0.4)**Repair to bladder**35 (0.1)221 (0.6)**Repair to ureter**70 (0.3)61 (0.2)**Repair to bowel**21 (0.1)9 (0.0)**Other complications** ^c^104 (0.4)67 (0.2)*NS* not statistically different between hysterectomy and laparoscopy cohorts^ϕ^ All differences between hysterectomy and laparoscopy cohorts statistically significant (*P* \< 0.05) on the basis of Chi square tests unless otherwise noted by NS^a^Diagnosis and procedure codes used to identify complications are included in the supplementary material^b^Wound infections included acute parametritis and pelvic cellulitis, chronic or unspecified parametritis and pelvic cellulitis, vaginitis, and vulvovaginitis, postoperative infection^c^Other complications included accidental cut, puncture, perforation, or hemorrhage during medical care and surgical procedures as the cause of abnormal reaction of patient or later complication

Table [4](#Tab4){ref-type="table"} compares hospitalization rates and LOS among patients who initially received a hysterectomy or a laparoscopy, while also examining differences in hospitalization rates and LOS based upon complication status. Results from Table [4](#Tab4){ref-type="table"} reveal that a hysterectomy was associated with a higher rate of hospitalization (58.4% vs 2.9%; *P* \< 0.0001) and a longer LOS (1.8 vs 0.1 days; *P* \< 0.0001) at the time of the index procedure. Meanwhile, a laparoscopy was associated with greater odds of an all-cause (14.5% vs 8.8%) or endometriosis-related (4.5% vs 0.8%) hospitalization (4.5% vs 0.8%) after the index procedure, as well as significantly longer all-cause (0.8 vs 0.5 days; *P* \< 0.0001) and endometriosis-related (0.2 vs 0.0 days; *P* \< 0.0001) LOS after the index procedure.Table 4Hospitalizations among endometriosis patients in the 1 year post hysterectomy or laparoscopy: comparisons based upon index procedure and complication statusHospitalizationsAll endometriosis patients\*\*Hysterectomy patients\*\*Laparoscopy patients\*\*With hysterectomy (*N* = 24,915)With laparoscopy (*N* = 37,308)With complications^a^ (*N* = 4745)Without complications (*N* = 20,170)With complications^a^ (*N* = 3577)Without complications (*N* = 33,731)**Hospitalizations**, ***n*** **(%)Index hospitalization**14,557 (58.4%)1097 (2.9%)3066 (64.6%)11,491 (57.0%)284 (7.9%)813 (2.4%)**All-cause hospitalization**Index hospitalization and 1 year post procedure15,461 (62.1%)6277 (16.8%)3414 (71.9%)12,047 (59.7%)994 (27.8%)5283 (15.7%)Post-index hospitalization2187 (8.8%)5414 (14.5%)934 (19.7%)1253 (6.2%)796 (22.3%)4618 (13.7%)**Endometriosis-related hospitalization** ^b^Index hospitalization and 1 year post procedure14,708 (59.0%)2683 (7.2%)3112 (65.6%)11,596 (57.5%)495 (13.8%)2188 (6.5%)Post-index hospitalization206 (0.8%)1677 (4.5%)68 (1.4%)138 (0.7%)236 (6.6%)1441 (4.3%)**Hospital length of stay (days), mean (SD)Index hospitalization**1.8 (2.5)0.1 (0.9)2.3 (4.5)1.6 (1.6)0.3 (1.7)0.1 (0.7)**All-cause hospitalization**Index hospitalization and 1 year post procedure2.3 (3.8)0.9 (3.5)3.5 (6.2)2.0 (2.8)1.9 (6.6)0.8 (3.0)Post-index hospitalization0.5 (2.7)0.8 (3.4)1.3 (4.1)0.4 (2.2)1.6 (6.0)0.7 (2.9)**Endometriosis-related hospitalization** ^b^Index hospitalization and 1 year post procedure1.8 (2.5)0.3 (1.4)2.3 (4.5)1.7 (1.6)0.6 (2.2)0.2 (1.2)Post-index hospitalization0.0 (0.3)0.2 (1.0)0.1 (0.5)0.0 (0.3)0.3 (1.4)0.2 (1.0)Chi square tests were used for categorical values\*\* All differences between endometriosis patients with hysterectomy and those with laparoscopy and between patients with complications and those without complications were statistically significant on the basis of Chi square tests (*P* \< 0.0001)^a^Patients with complications within the 30 days following the index date were classified into complication cohorts^b^Endometriosis-related hospitalization was defined as an inpatient stay with an endometriosis diagnosis during the hospitalizations

While Table [4](#Tab4){ref-type="table"} examines hospitalization rates in the year after the index procedure, Fig. [2](#Fig2){ref-type="fig"} examines such rates for the first 14 days, 1 month, and 3 months post index event. In addition to reiterating the finding that hysterectomy patients were generally more likely to be hospitalized for endometriosis or for any cause in the first 90 days after the index date, Fig. [2](#Fig2){ref-type="fig"} also shows that the rate of subsequent hospitalizations, for any cause and for endometriosis treatment, climbed steadily among the laparoscopy cohort over the first 3 months after the index surgery. Among the hysterectomy cohort, all-cause hospitalizations likewise became increasingly frequent over the first 3 months; however, the rate of endometriosis-related hospitalizations did not increase after the first 14 days. Among women who had a hysterectomy, almost half of all subsequent all-cause hospitalizations and 75% of all endometriosis-related subsequent hospitalizations occurred in the first 90 days after the initial procedure. In contrast, for women whose initial procedure was a laparoscopy, less than 25% of subsequent all-cause or endometriosis-related hospitalizations occurred in the first 90 days after the initial procedure.Fig. 2Rates of all-cause and endometriosis-related hospitalizations over time. \* *p* \< 0.05 based upon Chi square tests. Endometriosis patients with hysterectomy---*N* = 24,915; Endometriosis patients with laparoscopy---*N* = 37,308

In addition to the primary results presented above, the analyses were also re-examined for patients who received a hysterectomy according to the type of procedure. Specifically, women who received a hysterectomy were subgrouped into abdominal (*N* = 7439), laparoscopic (*N* = 13,611), or vaginal (3863) hysterectomy groups, with two patients with unspecified type of hysterectomy not included in the analyses. Results, which are presented in Appendices S1--S5 in the supplementary material, illustrated that patients with abdominal hysterectomy are generally more likely to receive postsurgery treatments, develop complications, and have hospitalizations compared to patients who received either laparoscopic or vaginal hysterectomies. The trend in overall comparisons between hysterectomy and laparoscopy is still preserved when each hysterectomy subgroup is compared to the laparoscopy cohort.

Discussion {#Sec4}
==========

Laparoscopy and hysterectomy are common treatments for endometriosis and the two most frequent surgical interventions for the disease \[[@CR14]\]. In a previous, large, claims-based analysis, 31.6% of all endometriosis patients underwent a laparoscopy and 29% a hysterectomy (primarily abdominal or, less frequently, vaginal) within the first year after their diagnosis, and both of these procedures were reported to be associated with significant direct costs \[[@CR14]\]. Consistent with that research, both of these treatment types were found in the present study to be associated with a substantial burden of negative outcomes, including significant health care resource use. The following sections further discuss and compare the baseline profiles and outcomes of these two surgical cohorts, particularly within the context of previous literature.

Baseline Characteristics {#Sec5}
------------------------

Consistent with the fact that hysterectomies are contraindicated for women who wish to maintain their fertility \[[@CR21]\], the women in the hysterectomy cohort were significantly older than women whose initial procedure was a laparoscopy (41.4 vs 35.4 years; *P* \< 0.0001). In addition, in agreement with research from as early as the 1970s \[[@CR22]\] and as recent as 2003 \[[@CR23]\], the hysterectomy patients were more likely to reside in the South and less likely to reside in the Northeast.

Postsurgical Outcome: Pain and Medication Use {#Sec6}
---------------------------------------------

Consistent with previous evidence \[[@CR13]\], prescription drug use was highly prevalent among both cohorts of patients during the first year after their index surgery. In agreement with research reporting that more invasive surgical procedures are associated with a higher likelihood of an opioid prescription \[[@CR24]\], the prevalence of opioid use in the hysterectomy cohort rose sharply from 17.7% at 6 months post procedure to 33.1% at 1 year post procedure, while these rates increased from 18.2% to 36.6% in the laparoscopy cohort over the same time period. Note that use of these drugs was defined as any such prescriptions received 90 days after the index surgery to preclude short-term treatment of postoperative pain. The high prevalence of opioid prescriptions, as well as the sustained use of such drugs post procedure, is notable given previously reported associations between prescription opioid use for chronic, noncancer pain and opioids abuse \[[@CR25]\] or overdose \[[@CR26]\]. Relative to the hysterectomy cohort, the laparoscopy patients were more likely to have received hormonal therapies in the postsurgery period, consistent with previous literature indicating that the use of such therapies can lower the odds of recurrence and subsequent laparoscopies \[[@CR1], [@CR27], [@CR28]\]. In contrast, the use of any hormone therapy was less frequent in the hysterectomy cohort compared to the laparoscopy cohort, congruent with previous evidence that hormone replacement therapy has little impact on outcomes \[[@CR29]\] and increases the odds of pain recurrence \[[@CR21]\] after an endometriosis-related hysterectomy.

Postsurgical Outcomes: Complications and Subsequent Endometriosis-Related Surgeries {#Sec7}
-----------------------------------------------------------------------------------

The hysterectomy cohort in the present study had a very high rate of complications (at 46%) relative to the 30% complication rate associated with hysterectomies overall in the USA \[[@CR30]\]. This finding is consistent with the evidence that hysterectomies used to treat endometriosis can be highly complex and require surgeons with specialized skills, especially in the case of radical surgery which eliminates all possible endometriosis implants found in the pelvic and abdominal cavities \[[@CR31], [@CR32]\]. In addition, the high complication rate seen in this study is consistent with the findings that a majority of patients in the hysterectomy cohort were hospitalized for their procedure (58.4%) and approximately one-third were prescribed an opioid to control pain at 1 year post procedure (33.1%); in addition, nearly half (46.7%) of the hysterectomy patients used a prescription NSAID in the 1 year after their initial hysterectomy. Congruent with previous research \[[@CR33]\], infections were the most common type of surgical complication for the hysterectomy patients. After infections, the most frequent complication type was menopausal symptoms, a finding which is consistent with previous literature reporting that hysterectomy may result in early menopause, even when the ovaries are preserved \[[@CR1]\]. A comparison across alternative type of hysterectomies (see Appendix S2) revealed that, in general, abdominal hysterectomy was associated with higher complication rates than laparoscopic or vaginal hysterectomy. However, patients who had an abdominal hysterectomy were significantly less likely to experience a genitourinary tract injury.

Consistent with earlier research \[[@CR18]\], the laparoscopy patients had a greater rate of subsequent surgery relative to the hysterectomy cohort (14.5% vs 8.8%), and 5.6% of the laparoscopy patients went on to have a hysterectomy during the follow-up period. Previous studies have reported higher frequencies of follow-on laparoscopies (21--55%) \[[@CR13], [@CR18]\] and subsequent hysterectomy (12%) \[[@CR34]\] among laparoscopy patients, in concert with the longer follow-up periods in those studies and the evidence that the frequency of subsequent surgeries increases over time after an initial laparoscopy \[[@CR13], [@CR18]\]. In addition to the significant risk of a hospitalization associated with these follow-on operations (see Table [4](#Tab4){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"}), subsequent surgeries after a primary laparoscopy have been associated with substantially reduced fertility rates among women seeking to conceive \[[@CR35]\]. The rate of repeat surgeries among the hysterectomy patients in the present study was 13.0%, which is consistent with previous evidence of a 15% prevalence of persistent symptoms after a hysterectomy to treat endometriosis \[[@CR29]\]. In previous studies, the long-term rates of reoperation after a hysterectomy were significantly higher (23% or 31%) when one or both ovaries was preserved, but significantly lower (8% or 10%) when the ovaries were removed \[[@CR18], [@CR36]\].

Postsurgical Outcomes: Hospitalization Rates and LOS {#Sec8}
----------------------------------------------------

In agreement with the general categorization of laparoscopy as a minimally invasive surgery \[[@CR37]\] with less associated morbidity and lower associated costs relative to more invasive procedures \[[@CR8]\], the laparoscopy patients in this study had a lower rate of complications relative to the hysterectomy cohort (36.4% vs 46.0%), and less than half the likelihood of a medical/surgical complication (4.8% vs 10.4%). Also consistent with the minimally invasive nature of the surgery, relatively few (2.9%) laparoscopy patients were hospitalized with the initial surgery, and the average LOS for a patient who was hospitalized was only roughly 2 h (0.10 days). However, the laparoscopy patients in this study had a higher percentage of complications relative to the 0.2--10.3% frequency of complications previously associated with most gynecologic laparoscopies \[[@CR38]\], consistent with previous evidence that gynecologic laparoscopies involving extensive adhesion removal have the highest complication rates \[[@CR39]\]. The complexity of such surgeries \[[@CR39]\] and the high rate of infections suggest why 10% of the laparoscopy patients were rehospitalized for reasons other than endometriosis in the postsurgery period. In addition, the laparoscopy patients in this study were more likely relative to the hysterectomy patients to be subsequently hospitalized to treat endometriosis (4.5% vs 0.8%).

This study found a 14.5% rate of hospitalization at 1 year post laparoscopy, as well as an increasing rate of hospitalizations over the first 3 months of the postsurgical period (Fig. [2](#Fig2){ref-type="fig"}). These findings are generally consistent with previous research which found a 27% rate of rehospitalization within a 4-year follow-up period after an initial laparoscopy \[[@CR34]\]. Figure [2](#Fig2){ref-type="fig"} and Table [3](#Tab3){ref-type="table"} illustrate that if patients had an endometriosis-related hospitalization or surgery after their initial hysterectomy, this event typically occurred within the first 14 days and was followed by yet another hysterectomy or an oophorectomy. These findings suggest that debilitating symptoms returned almost immediately when parts of the uterus and/or the ovaries were preserved. However, consistent with previous evidence that a hysterectomy to treat endometriosis is definitive (i.e., with 0% pain recurrence) when it includes the removal of the uterus, adnexa, ovaries, fallopian tubes, and all accessible endometriotic lesions \[[@CR31]\], Fig. [2](#Fig2){ref-type="fig"} suggests that once more/all of the uterus and/or the ovaries were removed in the first 14 days post index surgery, there was no further endometriosis-related hospitalization within the first 3 months. The rate of all-cause hospitalizations among the hysterectomy patients continued to climb after the first 14 days, however, consistent with the high rate of surgical complications seen in the cohort.

Limitations {#Sec9}
-----------

As with any research, the present findings should be evaluated within the context of the study's limitations. Since the records were obtained from commercially insured women aged 18--45 years residing in the USA, the results may not apply to all women with endometriosis or to other subpopulations. Second, the results are descriptive in nature, and do not control for potential reasons why alternative procedures are selected, such as selection bias, physician ability and comfort level, or the role of insurance compensation. The study also does not control for the potential placebo effect associated with surgical procedures in general and laparoscopy in particular. For example, research has shown that the placebo response for surgery is similar to the response for other therapeutic interventions, and accounts for up to 35% of patient response \[[@CR40]\]. Similarly, an examination of laparoscopic procedures for endometriosis found that the surgery was associated with a 30% placebo effect, although the authors found that laparoscopy was more effective than placebo at reducing pain and improving quality of life \[[@CR41]\].

In addition to the above limitations, the diagnoses and treatments under study were all identified on the basis of procedure codes and other diagnostic records, which may have been subject to coding errors or bias due to misdiagnoses or underdiagnoses. The reliance on such data also precluded any measure of disease severity or surgical techniques, both of which may affect the rate of disease recurrence. The data was also unable to distinguish between patients with and without oophorectomies, which may be associated with differences in patient outcomes. Finally, the 1-year follow-up period may have led to an underestimate of the burden associated with endometriosis, given that longer-term research has suggested that the rate of repeat surgery increases over time after a laparoscopy or a hysterectomy \[[@CR13], [@CR18]\].

Conclusion {#Sec10}
==========

The endometriosis patients in this analysis had a considerable risk of surgical complications, subsequent surgeries, and hospital admissions, both during and after their initial therapeutic laparoscopy or hysterectomy. Relative to the laparoscopy cohort, the hysterectomy patients had a greater risk of being hospitalized with their index surgery, and of being diagnosed with surgical complications and prescribed analgesics, including opioids, after their initial procedure. Relative to the hysterectomy patients, the laparoscopy cohort had a higher rate of subsequent surgeries and a greater risk of hospital admissions during the 1-year follow-up period. As compared to their baseline medication use, the laparoscopy patients also received more hormone therapy after the index surgery. The results of this study suggest that better nonsurgical treatments could potentially improve patient outcomes and the quality of life of millions of American women.
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